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1.  Abstract 

Various  kinds  of  pathogens  and  diseases  are  now  threatening  human  lives,  and  their 
precise  and  accurate  detection  and  imaging  are  important  to  prevent  the  diseases  as  well 
as  to  understand  the  biological  phenomena.  Here  we  reported  a  multi-mode  nanoprobe 
system  which  simultaneously  provided  highly  sensitive  detection,  imaging,  and 
therapeutic  functions  in  treating  of  pathogens  or  diseases.  The  multi-mode  probe 
consisted  of  magnetic  nanoparticle,  targeting  molecules,  fluorescence  tag,  and 
radionuclide  and  each  modality  complemented  each  other  to  not  only  increase  the 
detection  sensitivity  but  also  eventually  to  enable  the  false-free  detection  of  pathogens 
and  disease.  Concurrently,  the  multi-mode  nanoparticle  also  provided  high  therapeutic 
effect  through  combination  with  biological  molecules  (e.g.  siRNA)  or  by  using  heat 
generation  effect  of  magnetic  component. 
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2.  Introduction 

Detection,  imaging,  and  therapeutics  of  pathogens  and  diseases  have  become 
important  not  only  to  understand  their  biological  phenomena  but  also  to  elucidate  and  to 
prevent  diseases.*  Recently,  various  pathogens  induce  many  fatal  diseases  and  have 
been  threatening  human  lives.  Therefore,  fast,  aeeurate  and  false-free  deteetion  and 
imaging  of  these  pathogens  and  diseases  are  eritieal  to  understand  their  metabolie 
phenomena  and  to  develop  defense  system  against  them.  Furthermore,  onee  found,  the 
effeetive  killing  of  sueh  biologieal  targets  without  harming  neighboring  biologieal 
environments  is  also  important. 

muttl-mode  Imaging  &  therapeutic  nanoparticle  probe 


Figure  1.  A  schematic  of  multi-mode  imaging  and  therapeutic  probe  proposed  in  this  research.  The 
magnetic  nanoparticle,  biomolecules,  optical  tag,  and  radionuclide  are  integrated  into  one 
nanoparticular  system  which  acts  as  multiplex  platform  for  multi-modal  imaging  and  therapeutics  of 
pathogens. 

Typically,  imaging  techniques  including  fluorescence,  surface  plasmon  resonance 
(SPR),  and  magnetic  resonance  imaging  (MRI)^'^  have  been  independently  used  as  a 
single  modality.  However,  in  many  cases,  single  imaging  modality  is  not  good  enough 
for  accurate  imaging  and  exhibits  relatively  high  false-detection  rate.  Rather,  double  or 
triple  imaging  modality  which  complements  each  modality  can  provide  more  accurate 
information  of  the  pathogens  or  diseases.  (Figure  1)  Simultaneously,  for  the  success  of 
multi-mode  imaging,  the  development  of  nanoparticle  based  probe  is  pre-requisite, 
which  can  boost  up  the  imaging  accuracy  and  sensitivity  significantly.  In  this  project, 
we  developed  nanoparticle  based  multi-mode  imaging  and  therapeutic  probe  for  the 
highly  accurate  detection  and  therapeutics  of  biological  pathogens. 

3.  Approaches 

1)  Approach 

Our  research  was  focused  on  the  development  of  multi-mode  probes  and  their 
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applications  on  the  detection  and  therapeutic  of  pathogens  and  disease.  Various  imaging 
modalities  (e.g.  magnetic  core,  optical  tag,  and  radionuclide  etc.)  with  target  specific 
biomolecules  were  integrated  into  one  hybrid  nanoparticle  via  molecular  linkers. 

In  the  step  1  (see  Figure  2),  multi-mode  probe  was  specifically  bind  to  the 
pathogenic  targets  through  selective  biomolecular  interactions  such  as  antigen  - 
antibody.  In  the  step  2,  such  binding  events  and  targeting  was  detected  and  imaged  by 
MRI,  PET  (positron  emission  tomography),  and  fluorescence.  At  this  point,  MRI  and 
PET  provided  macroscopic  imaging  of  larger  than  millimeter  sized  area  and  subsequent 
fluorescence  imaging  enabled  microscopic  information  of  the  pathogen  targets,  where 
more  detailed  spatial  and  chemical/biological  information  of  the  pathogens  was  possible. 
In  the  step  3,  when  these  were  located,  multi-mode  nanoparticle  could  kill  the  pathogen 
by  using  gene  (siRNA)  or  heat  generated  from  magnetic  core.  As  a  consequence,  multi- 
mode  probes  will  provide  highly  sensitive  detection/imaging  and  therapeutic  platform 
of  pathogens. 


Figure  2.  Schematic  of  multi-modal  imaging  and  therapeutics  of  pathogens  using  multi-mode  hybrid 
nanoprobe.  The  multi-mode  hybrid  nanoprobes  exhibit  the  specific  targeting  and  provide  both  macroscale 
and  sub-cellular  imaging  for  attaining  biological  information  of  pathogens,  which  is  followed  by  their  death 
using  magnetic  hyperthermia. 

As  a  model  case  study,  in  the  first  research  year,  we  performed  the  feasibility  study 
of  dual  mode  magnetic-radioactive  nanoparticle  for  the  dual  mode  detection. 
Furthermore,  in  the  following  year,  the  utilization  of  multi-mode  magnetic-bioactive- 
optical  hybrid  nanoparticle  was  demonstrated  for  accurate  detection  and  therapeutics  of 
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cancer. 


2)  Uniqueness  of  the  approach 

With  single  modality  imaging  only,  the  false-detection  rate  is  high.  The  major 
uniqueness  of  our  approach  is  the  accurate  detection  and  simultaneous  therapeutics  of 
pathogens  by  means  of  multi-modality. 

3)  Research  contents 

The  1®*  year  (2008.03~2009.02):  Development  of  multi-mode  imaging  probe 
nanoparticles 

-  Development  of  magnetic  nanoparticles  with  high  magnetism  for  diagnosis  and 
therapy: 

a.  examination  of  MR  signal  enhancement  effect  of  various  magnetic 
nanoparticles 

b.  examination  of  heat  generation  ability  of  various  magnetic  nanoparticles 
(therapeutic  effect:  ~50  %) 

-  Development  of  dual-mode  convergence  nanoparticles:  magnetic-radioactive 
convergence  nanoparticles  (MRI-PET  probe) 

Feasibility  test  for  pathogens  or  disease  detection,  imaging  and  therapy  using 

dual  mode  nanoprobe 

sensitivity:  ~  mM  of  biological  targets 

The  2"**  year  (2009.03~2010.02):  Convergence  nanoparticles  for  multi-mode 
diagnosis  and  therapy 

Development  of  magnetic  nanoparticles  with  high  magnetism  for  therapy: 
examination  of  heat  generation  ability  of  various  magnetic  nanoparticles 
(therapeutic  effect:  ~80  %) 

Development  of  multi-mode  convergence  nanoparticles:  magnetic-optical- 
radioactive  convergences  nanoparticles  (MRI-PET-fluorescence  probe) 
Feasibility  test  for  pathogen  detection,  imaging  and  therapy  using  multi-mode 
nanoprobe 

target  pathogens:  diseases  or  bacterial  targets 

sensitivity:  nM~pM  of  biological  targets  (single  pathogen  particle  and  cellular 
imaging) 
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4.  Results  and  discussion 

4-1.  Development  of  magnetic  nanoparticles  with  high  magnetism  for  diagnosis 
and  therapy 

To  enhance  the  efficacy  of  disease  diagnostic  and  therapy,  the  development  of 
magnetic  nanoparticles  with  high  magnetism  is  one  of  the  important  issues.  Among 
various  magnetic  nanoparticles,  iron  oxide  has  been  mostly  utilized  in  various 
biological  applications  because  of  their  low  toxicity  and  chemical  stability.  In  previous 
project  (phase  I,  FA4869-08-1-4016),  to  enhance  the  magnetic  property  of  nanoparticle, 
we  doped  Mn  ion  in  iron  oxide.  In  this  project,  besides  Mn,  Zn  was  doped  in  iron  oxide 
and,  as  shown  in  figure  3a,  synthesized  Zn  and  Mn  doped  magnetic  nanoparticles  had 
highly  monodispered  and  possessed  single  crystallinity.  It  showed  highly  enhance 
magnetic  property  which  was  highly  enhanced  than  iron  oxide.  (Zno.4Mno.6Fe204: 
175emu/g,  Fe304:  110  emu/g)  Enhanced  magnetic  properties  of  the  developed 
nanoparticle  brought  the  enhanced  MR  contrast  effect.  Compared  to  Feridex, 
(Zno.4Mno.6)Fe204  showed  about  ca.  8  times  superior  MR  signal  which  make  possible 
ultra-sensitive  pathogen  detection. 


Figure  3.  (a)  TEM  (transmission  electron  microscope)  and  HR  (high-resolution)-TEM  image  of  Zn 
doped  Imagentic  nanoparticle,  (b)  Comparison  of  MR  contrast  effect  among  various  magnetic 
nanoparticles. 

Besides  the  MR  signal  enhancing  effect,  the  developed  nanoparticle  showed 
superior  heat  generation  effect,  which  made  them  possible  to  be  utilized  in  disease 
therapy.  Magnetic  nanoparticles  generated  heat  under  AC  magnetic  field.  They  could 
reach  100  Celsius  in  short  time  so  they  could  be  very  effective  in  killing  pathogens. 
(Figure  4a)  The  developed  nanoparticles  showed  high  heat  generation  efficacy 
(specific  loss  power,  SEP)  and,  as  shown  in  figure  4b,  it  showed  ca.  4  times  bigger 
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than  Feridex.  The  high  SLP  resulted  superior  eaneer  therapeutie  effieaey  than 
eommereial  iron  oxide,  Feridex,  when  they  were  treated  on  eaneer  eell  with  same 
eoneentration.  The  pereentage  of  dead  eell  was  84.4  %  in  the  ease  of  (Zno.4Mno.6)Fe204 
and  13.5%  in  the  ease  of  the  Feridex  after  treatment  of  AC  magnetie  field. 


Green:  live  cell  (calcein) 


Figure  4.  (a)  Schematics  of  magnetic  particle  induced  hyperthermia.  The  comparison  of  (b)  the 
SLP  value  and  (c,  d)  cancer  cell  killing  effect  between  Feridex  and  the  developed  nanoparticle. 

Therefore,  we  eould  obtain  magnetie  nanopartieles  with  high  magnetism  by 
doping  Zn  and  Mn  ion,  whieh  eould  be  utilized  for  sensitive  deteetion  and  effeetive 
therapy  of  disease.  (Angew.  Chem.  Int.  Ed.  2009,  48,  1234) 

4-2.  Development  of  dual  mode  magnetic-radioactive  convergence 
nanoparticles  (MRI-PET  probe) 

MR  imaging  has  advantages  on  the  resolution  and  anatomieal  information 
eompared  to  other  imaging  tools  while  it  has  limitation  on  sensitivity.  In  this  study,  as  a 
prototype  of  multi-mode  nanopartiele,  magnetie-radioaetive  dual  mode  nanopartieles 
were  developed  to  perform  MRI-PET  dual  mode  imaging,  whieh  was  expeeted  to 
provide  advantages  on  high  sensitivity  and  resolution.  1-124,  PET  agent,  was 
introdueed  on  MnFe204  whieh  was  developed  in  phase  I.  1-124  was  seleetively  bound 
onto  the  tyrosine  group  of  albumin  whieh  was  attaehed  on  magnetie  eore.  (Figure  5a) 
The  synthesized  dual  mode  MRI-PET  probe  showed  both  MR  and  PET  signals  nieely 
as  shown  in  figure  5b. 
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Figure  5.  (a)  Schematics  of  the  developed  MR-PET  dual  mode  probe  and  (b)  MR  and  PET  image  of 
phantom  containing  the  dual  mode  probe. 

The  dual  mode  eontrast  agent  was  utilized  to  deteet  the  sentinel  lymph  node  whieh 
was  important  in  the  eaneer  metastasis  deteetion.  (Figure  6a)  In  figure  6b-d,  the  dual 
mode  eontrast  agent  sueeessfully  deteeted  sentinel  lymph  node  and  when  PET  and  MR 
images  were  overlapped  the  sentinel  lymph  node  site  with  high  signal  intensity  in  eaeh 
image  perfeetly  matehed.  (Acc.  Chem.  Res.  2008,  41,  1630.) 
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Figure  6.  (a)  Schematics  of  the  detection  of  sentinel  lymph  node  using  MR-PET  dual  mode  probe  and 


(b)PET  (c)  MR,  and  (d)  fusion  images  of  rat  which  showed  high  signal  in  sentinel  lymph  node  in  both 


PET  and  MRI. 


4-3.  Development  of  multi-mode  convergence  nanoparticle  for  pathogen 
detection,  imaging  and  therapy  and  their  feasibility  test 
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PET  signal 


Based  on  the  research  for  proto-type  convergence  nanoparticle  (section  4-2),  we 
finally  built  multi-functional  nanoparticle  for  simultaneous  imaging,  detection,  and 
therapy. 

©  Magnetic  core  was  utilized  for  MR  signal  enhancing  to  detect  pathogen. 

©  Fluorescence  dye  was  attached  for  microscopic  imaging  in  cellular  level. 

©  RGD  peptide  was  adopted  for  pathogen  targeting. 


@  siRNA  was  introduced  for  gene  therapy  and  in  this  study  siGFP  which 
deactivated  the  GFP  expression  was  utilized  as  a  feasibility  test. 
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Figure  7.  Schematic  of  multi-modal  convergence  nanoparticle. 

The  developed  nanopartiele  speeifieally  deteeted  eaneer  eell  whieh  have  protein 
avPs  while  no  MR  signal  was  observed  with  eaneer  eell  without  the  protein.  In  addition, 


a.DMOtlonand  ImagtoQ 


MUAMB-435 
targeted  (ct,A+) 


A549 

nonlargeted  (crJb-) 
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b.  Therapy 


Figure  8.  Simultaneous  pathogen  detection,  imaging,  and  therapy  using  multi-mode 
nanoparticle. 
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red  color  in  fluorescent  image  revealed  the  distribution  of  nanoparticles  in  cell.  Also, 
the  nanoparticle  successfully  knocked-out  the  protein  expression  via  gene  expression. 
(Angew.  Chem.  Int.  Ed.  2009,  48,  4174) 

5.  Pay-off 

Based  on  this  project,  it  will  be  possible  to  develop  smart  and  multi-functional 
nanoparticle  probes  comprised  of  sensing,  information,  and  actuation  in  a  single 
nanosystem  and,  therefore,  can  revolutionize  current  biomedical  imaging  techniques. 
The  multi-mode  nanoparticles  with  capabilities  of  target-specificity,  ultra-sensitive 
probing,  and  therapeutic  effects  will  enable  accurate  and  false-free  detection  and  pin¬ 
pointing  therapy  of  pathogens  or  diseases.  Furthermore,  our  multi-mode  nanoparticles 
strategy  can  serve  as  a  platform  concept  technology  for  the  next  generation  biomedical 
sensing  techniques,  which  will  be  very  useful  for  anti-pathogenic  and  anti-bio/chemical 
warfares  as  well  as  normal  biomedical  applications. 
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6.  Summary 


We  demonstrated  high  performanee  multi-functional  nanoparticles.  By  integrating 
individual  nanoparticle  components  such  as  magnetic,  bio-active,  optical,  radioactive, 
and  heat-generating  materials  into  a  single  nanosystem  via  molecular  linkers,  it  was 
possible  to  develop  a  novel,  highly  versatile,  multi-functional  convergence  nanoparticle 
system  for  their  multi-functional  biomedical  applications.  Subsequently,  we  examined 
their  utility  in  multi-mode  detection/imaging/therapeutic  applications  to  realize 
simultaneous  accurate  and  false-free  diagnosis  and  therapy  of  biological  targets.  The  use 
of  the  multi-mode  nanoparticle  probe  can  bring  significant  improvements  of  current 
diagnosis  and  therapeutic  techniques. 
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8-3.Press  Release 

1.  "Targeted  Gene  Suppression  in  Cancer  Cell-Four-in-one" 

Nanotechnology  Now,  May  06,  2009. 

2.  "Four  in  one;  Targeted  Gene  Suppression  in  Cancer  Cell" 

Wiley  InterSicence,  May  08,  2009. 

3.  "Combination  nanoparticles  to  fight  cancer" 

Chemistry  World,  May  13,  2009. 

4.  "4-in-l;  Targeted  gene  suppression  in  cancer  cells" 

ChemEurope.com  &  Bionity,com,  May  12,  2009 

5.  "Four-in-one  agent  for  targeted  gene  suppression  in  cancer  cells" 

Nanowerk  News  May  06,  2009. 

6.  "Four  in  one;  Targeted  Gene  Suppression  in  Cancer  Cell" 

PhysOrg.com  May  06,  2009. 

7.  "4-in-l" 

Bio-Medicine  May  07,  2009 

8.  "Four  in  one" 

e-Science  News  May  08,  2009 

9.  "4-in-l" 

Association  of  Cancer  Online  Resource  Published:  May  07,  2009 

10.  "Diagnosis  and  therapy  at  a  time" 

Yonhap  News(Korean  local  news),  May  05,  2009. 


14 


1 1 .  "All-in-One  Nano  Agent  to  Combat  Tumor" 

The  Korea  Times  (Korean  local  news),  May  11,  2009 
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9.  Financial  Reports 


I.  Planned  Expenditure 

II.  EXPENDITURES 

(Mar  1,2008-  Feb.  28,2010) 

SALARIES 

A.  SENIOR  PERSONNEL 

$  52,000 

SALARIES 

B.  OTHER  PERSONNEL 

$  20,000 

A.  SENIOR  PERSONNEL: 

$  52,000 

C.  FRINGE  BENEFITS 

$  6,000 

Jinwoo  Cheon  :  $  2,000  *  24  month  = 

$  24,000 

B.  OTHER  PERSONNEL 

$  20,000 

Jae-Hyun  Lee:  $  1,000  *  20  month  = 

$  20,000 

C.  FRINGE  BENEFITS 

$  6,000 

D.  EQUIPMENT 

$  0 

D.  EQUIPMENT 

$  0 

E.  TRAVEL 

$  9,000 

E.  TRAVEL 

$  9,000 

Jinwoo  Cheon 

San  Franeiseo  (Researeh  Diseussion) 

Airfare:  $  2,500  +  Travel  Cost:  $2,000  = 

$  4,500 

San  Diego  (Researeh  Diseussion) 

Airfare:  $  2,500  +  Travel  Cost:  $2,000  = 

$  4,500 

F.  TUITION  REF  2.12.13 

$  0 

F.  TUITION  REF  2.12.13 

$  0 

G.  OTHER  DIRECT  COSTS 

$  25,500 

G.  OTHER  DIRECT  COSTS 

$  25,500 

1.  SUPPLIES/MATERIALS 

$21,000 

1.  SUPPLIES/MATERIALS 

$21,000 

2.  PUBLICATION  AND  REPORTS 

$  2,000 

*  See  the  detailed  materials  sheet. 

3.  COMPUTER  SERVICE 

$  2,500 

2.  PUBLICATION  AND  REPORTS 

$  2,000 

Copies 

$2,000 

3.  COMPUTER  SERVICE 

$  2,500 

Computer  for  analysis  1  set 

$  2,500 

J.  TOTAL  DIRECT  EXPENSES 

AND  FACILITIES 

J.  TOTAL  DIRECT  EXPENSES  AND 

FACILITIES  AND 

AND  ADMINISTRATION  EXPENSES 

ADMINISTRATION  EXPENSES 

Overhead 

$  37,500 

Overhead 

$  37,500 

Total: 

$150,000 

Total: 

$150,000 
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*  Detailed  materials  sheet 


Item 

Unit  price  ($) 

Amount 

Total  ($) 

Iron  pentacarbonyl  (Strem  26-2800,  250  g) 

70 

10 

700 

Dicobalt  octacarbonyl  (Fluka  60811,  25g ) 

200 

10 

2,000 

Zn  Chloride  (Aldrich  45011,  5g) 

100 

20 

2,000 

1 -Ethyl-3- [3 -dimethylaminopropyljcarbodiimide  hydrochloride 

(Pierce  25952-53-8,  25g) 

500 

5 

2,500 

Oleylamine  (Aldrich  07805,  500g) 

130 

10 

1,300 

Oleic  acid  (Sigma  01383,  25  g) 

150 

10 

1,500 

Sephadex  G-25(Sigma  S5772,  25g) 

200 

5 

1,000 

TBE  buffer  (Sigma  T4415,  lOx,  20  L) 

250 

5 

1,250 

1,2-Hexadecanediol,  Tech  (Aldrich  213748,  50g) 

180 

10 

1,800 

Iron(III)  acetylacetonate  (Aldrich  517003,  50g) 

150 

10 

1,500 

Antibody 

170 

10 

1,700 

Hexane  (Aldrich  156175,  IL) 

70 

20 

1,400 

Ethanol  (Aldrich  187380,  IL) 

70 

20 

1,400 

Acetone  (Aldrich  154598,  IL) 

70 

20 

1,400 

Total 

$21,000 
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*  Appendices 


ACCOUNTS 


Synergisticalty  Integrated  Nanoparticles  as 
Multimodal  Probes  for  Nano  biotechnology 

mWDO  CHEON"  AND  JK-HYUN  LEE 

ef  nmnidiy.  Kiifw 

fSmXD  Oi  FEUUIW  axH 


CiTTETl  bufTKOciJ  udniius  iridjiipg.  rEoizncc  in^hg  -^iRn,  paatnn  dtuso]  ij^l* 

3id  ampulzd  X-rsj^  fCT}  an  hitd  in  die  id  nrkiLS  oseafc.  Eact  iaqgiri;  riDddrty  \as  ib  um 

iTKitb  aid  [kaiwait^s.  and  a  mhof^c  tbs  nd  posssi  all  the  m^ird  ofuiUrtis  f«-  izQipnhaBriT  Inv^ 
ii^  Ihawf^  miitinDdd  irrogr^  mrtliiik  ar  bHnrrii^  uiMaLaU  fa  sUE-nr-lbe^  bioiiHiaJ  nsudi 
ard  dJrtciJ  dbpiDstiQ-  ard  thar^mtioL 

tn  tiis  AiniiiTt  we  ail  ml^gTSIfd  rarapoi^  pniie,  afuli  will  be  an  Esemd  lul  ii  miJti- 

nudai  nuf^  jOefhcobBf.  When  inupiir  nawpalicke  ire  irtraJEced  rin  lydmd  iIkt  EiArfiidy  stmD  me 

and  their  aczptiTraJ  p^winJ  aid  denied  pn^^vties  make  then  Edlul  pmbc£  fa  bnkgicd  lia^^edics.  Ituofanide 
pmbB  nui  mdkiB  Ledmifac  vlh  eilmn^  dgnJ  loistiv^,  b^s*  rsdidiiii,  ard  #e  diUlyln  rday  Mcn- 

nDt»n  dKNt  bnlcf^  fjidmu  -d  the  mdeoir  aid  laAutxr  Imk 

5tt^  rofpilk  naupmtides  tnlnn  m  MS  unifll  eiimicefTBTl  pnJm.  Ihoe  maipiElic  rmnprtids  gwi  thu  nne 
as  a  owe  pbtfaie  iur  the  aliftiEC]  af  ather  hnedmd  mewde  mdudhf  diM?raaiiDe  t^..  faJknijcldcs.  -and  dha  Ih- 
nuleiii4a  br  nubmatbl  rn^g  gene  drfvay,  and  odliiar  d^dfinng.  kr  MHJ  ■  Dpricil  dtjd-nudaJ  pmbes  ofn- 

pc4Bd  rfi  Ruiramsf  dife-dcped  slica  l|P;^40]|  one  suTHfided  bf  naicpalidc  oin  nacrrampic^y  dabi 

nemiiLxtEnia^HErti^iiiMIlJ  doig  wbi  ubcelbbr  iilbfimtiH;  ib  tuinscnice 

ttigidic  mrapoitides  lan  dai  be  mifilad  tn  ndbrudide  b  nHicibiiJc:  Mfil  PTT  [tofm-Ddal  pnhe.  Sudi  \rdia 
□n  aim^E^  lidBd  Ijiniph  flBE^  wtidi  adied  kpxsa^  cmkb  mebdK  b  m  IffidiPn  mo^  inn  idant)r 
kiertity  mal  [-i  nml  Lfis  abr^  wtlh  pmkeaiobinkal  infuiiiidui.  Sydam  uibg  mdtnnnpenaTl  rarapartido.  nnd- 
ihd  ifbi  bieniilEiJa-  cai  aha  mmitir  pne  apt^ax  anl  atbr  rmim  In  ol  theiasm-  stutfiov  We  liwe  iced  hybnd 
dsn  ofl  rmupoidde  prnhes  aid]  ^  Aa  nuntDrip  mw  dsn  ed  tmfTiding  USd  nvitfi  hybrid  pcnbei  ef  nug- 

ndi  nairfalidc  ard  adennuus  an  deled!  twg^  r^  aid  rai  inDnibr  gsie  dEdiisi  aid  itie  apnska  af  pmi  fu- 
□resDHl  pmt^  aptnall)f.  ^i±  lampcnsnl  of  siidi  miimni>ddl  pmbes  ainplemeffi.  the  nbs  rwiblitie^ -vid  bar 
^ergidk  mxls^  pnipeitiu  ukinslEfir  pmvide  mre  ecnnalE  irrbvnvidifli  m  iv  vhi^  aid  Ib  m  biek^^ 


1.  tntroductlon 

Inof^lc  nucp^Jds  pisssss-  mlquD  nxicsoils 
EizE-dEfiaidQnt  pT^^i  ^nd  dtEfriol  prepeu^ 


that  CXI  Us  mniTGlIfd  In  d  mmer  Ifiab  Is  m 
diDWEd  bi  Eun^,  SIZE  nDtcr^.'  wn^  tfiecilny 
nutefIdLs  die  IrumtucBd  Lnn>  l?lcia0aJ  ^\sm. 
tfiElr  exlrtmely  STnall  size  mil,  ifiElr  EKipiianil 


\ai  m  ^oioam  rv  oehou.  iexmoi  ■  ■  □ 


Hiin^B«czi=  Hi.%  nnai 
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SYTW^i[yiC^ifW^DP«d-Ncrcp^  LTvDfi^iJE 


FKLJI9  91.  AdcfiD^tna-  MrMnfl  trytrtd  ruimpoitidc  pFd>s  tw 
lDri|.[7lad  VR  DnS  dftv[i^  L^i  TIM  Im^  of  Uw 

xknn'tna  MnWro  trfbftd  nompjitklfB:  R#  a  sdunollc  of  Uhz 
bigdJn^  Kid  pTDamca  udng.  Itni 

□dcnaina-  MiilidO  tn^M  rnriJifaitlcte  prot^s.  'tttitii  an- 
hTmnjJlTQd  1Mcu|^  UR-mnJdcd  mdocj^Dsfa  pruccscE^  |0  sxh 
■mnts  -KD  tnu^pd  only  tn  tlu  CAfl-f^dlhii]  CEfls  by  a  dslt.  nmtnid 
bn  bra  and  Uig  vtM  (IT  (^nrai  tuonsrfd  ppDhAf  gg-K^ 
aipnisdcfi;  HTBi  lin^  g^I  adcnc^tn^  MnHFKI  br^CiU 
nonoprdx  bi^[i3  U151 H  <eDl  lobld  (kdo  bidtcalc  nonopnrtKS- 
dihin- unikT  nndKylidi  [X  tmg^  biddp  oidoficmf^  Dostml 
dTrt»  Indcnic!  ^xik  runopnriK^  rbund  mar  frw  nudcGr 
mcntjmnc.  Rapnduccd  iMth  ponrtLskm  turn  raf  311.  Copydgft 
20117  Wtoy^Di 

n^n  as  a.  hEai  tw  tryperUiefnila  nr  as  a  gulflni'  vk- 

iflr  to  tite  tT0etod  AlfMX^  sdD  Ov  te  ejtv  sages  wWi 
Dcily  3  PaodhU  of  SDHES^Itv  dnoonstfaiHl  cases,  He  miF 
dmod  da^EfopoEm  of  9Jdi  rnuHkncHtiJ  pruOs  Is  ttcrsaaTgly 
Inrportant  fiaf  adi'andn^  Hrts  eDEttfig  and  r^IdJy  dlafiglng 
flEJd. 

ive  fliG!(7k?»^flo^  Dr.  Jar?  )&r  rtls  r?dlRfUf  dlsoc- 

^012  I7t&  fosEon^  frsLpporiod  f?y  me  ^fiseann  LoD- 

ofomfy  tCnmi  M70iH0flHflZ55r.  .*tano-m  StfettE 

PrDgnTTT  M  rD5£oaf][2  r«iHi 

AOAfSy-AfGSJL  HO  CiTfhspr  Conor  .■VATi]ritidToai^-  fJucnI- 


fOKE  {COEI.  mn  K2Q7J6Q0006f^7AQW-0Dim 

ontf  2m?  sfege  BKZIfoF  0\an^- 


BIDGfiAPHICAL  [J^FGftMATIDiy 

Jinwdo  OtHn  jQ  3  dieniisny  prole^  of  ^onsei  Urwaaly,  ilx 
drecmr  of  Garrver^iiE  ^afUD^Tlt0^Gfe  ^3tioci3  Roesrcti  L^- 
rsofy,  and  fe  head  of  tfe  :^^fTQtoR3ls  Dfv^Gn  q\  tfie  ^iino- 
UaSoC  Natioral  Gom  E![Bairdi  iZemef  of  Kjcraa  Ho  gr^ioiiH] 
from  roraei  UrtWHSiq  witfi  BS  and  nasiiiiBd  ti&  ffiD.  From  Uni- 
of  niinois.  Urbana  -aiampaigrH  ii  1993.  AMer  poadK- 
bcifal  Haining  at  ULC  9mtiElev  and  aba  at  UCLA  he  Joined  KAJ5T 
as  an  astsan  pioisor.  bn  2Q9Z  he  moved  to  TarBEi  Univer¬ 
se.  His  ciiOBfi  researdi  intemsi  induSes  tfe  da^elapoiem  ol 
fUnctiord  moanic  nanosoiruis  and  Hieir  app^daors  tr  Ud- 
nieckai  and  eniapy  rubied  sdences. 
laihllyur  Le^.  bom  ii  5eui.  Kona,  gpnasd  imnt  roroei  Uni- 
versitv  #1 2DCG  with  his  SS.  Hu  ^  a  gfaojatu  studbrn  pusu^  his 
PhD.  in  rnumiary  tmdof  the  sif  enrtston  of  Profusor  Jinmo 
Chuon.  Hs  ojoen  rusexirh  fitefois  am  the  faOfKaaon  of  bfoac- 
uvaatHu  hybfid  rFDgjneK  ronapajbdes  tor  mduDJa^  tn^ing 
an2  therapeubca.  He  is  a  r^^piurt  of  the  Korea  Reseanh  Fotn- 
dacn  Pello^i^  [UGIM},  SenJ  Sdemo  PeflDVEbip  and 
voTHi  Cnooe  ibidem  Resarcti  Award  pcKlTf. 


i™TT4CnES 

"Ie-Wuioit^qHju  mid  ti  uiJ  aaoI  E  nsA  ^SHiiQj|Ciix4.EiT 


1  |z  XlbtM.  K  P  Sortznddr  O^n.  Itemysic  nJ-OiniTiOEg. 

19K  aTd,  WB-iSF.  fti.  VkTJf,  0  El  Ql  A.  BhI  M  0 
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Communications 


Magnetic  Nanopanida 


□Ol:  1  (L1  ay2/4rtk  JCKEQS 14^ 


Critical  Enhancements  of  MRl  Contrast  and  Hyperthermic  Effects  by 
Dopant-Controlled  Magnetic  Nanoparticles^’* 

Jung-tak  Jang,  Hyunsoo  Nah,  Jae-Hyun  Lee,  Seung  Ho  Moon,  Min  Cyn  Kim^  and 
Jinwoo  Oieon* 


di^.^^ri3Lia  ar«  Cil^]  Hu  tbe  pa- 

n:^i%n€fli£  itiHn£f»97lid££  in 

Ijibaiia  itudi  {MllfJ,  dril^ 

tkli'vciy,  oeSuLbi  ondi  tlii&£fif!T£, 

Xhiti  i^vd^jpnkill  ol  ikW  iy|M3  iif  iijniu|kilidie9  k  pniljcUlHijy 
in^'xrkitl-  Ehi  Ihia  li  ita£  Lii  a  LliHOJ  tUiliOn 

of  nkta]  forriio  xunMifuiJljdcd  has  bOeffl  |^l£c3Llt!iil  to  oduOvifi 
anid  lltnayi::  iiLAn£nr0^nkli^^^'  bl  diO  of 
iSii^if;,  hoiMveT,  line  lOa  of  ikOn£4|Lti]i]TiUTE]  TOa^taOiti  tidia 
tyijx^Syi  T^g^uHod  m  iiOikaokliH)nk1ii£  Or  lOfitkilJlidti  in 

-wkkh  2lil^  iond  Mi  itb^HterOii  betiMte  ifj  ^nd  A 

T«£Knt  TtpOfl  uf  ^Ucc£:allJL]  2^  iiWljUid^a  llu:  Ol 

ibodyy]  dn±  M  i  ai-w  70^*  ininl 

hiiMlMi  of  like  Idi^y  Lbtaiillie  and!  pyrO|3iliOrat  nalUiTi!  llie 
fjTOCkraor,  diidi  a  j^nthoti^:  pnvioool  for  iLarttfifsArijd^  k  ^lil] 
fat  frcm]  iifoat  fn^  ilis  ^liiov^ouL  of  lai£.Od^o  t^H>dud- 
ISgUi^  Oiu]  OCsoitiOl^  In  llid  kavifi 

OvOrOOtiO  a  nLInbOr  of  dullloig.^;  ilOl  OnJ^  if  fj:c£ 

niOTMali^peifily  willi  a  (ca.  !ll>|g.)  synllkOiia  adt- 

iovodi,  lli£  |jtiOj^r  i^iliOnan^.  of  2h^  ikfMinlf  in  3^^  fiL^f  in 
raoia]  ferrilO  lianufim-lidtsi  if  dionOneOjaLed,  yvlticK 

uliiiiiaijg^  ]£ad9  io  na^nodM  Loidn^  Out 

obiaindd  iiam:^iliide£i  eiidbil  bA  OilrH^dly  li^lk 

valiu  {l2j  aul  i^royiitk  Ilia  iaTE.^i  MK.E 

conliaai  o£f«olf  (rS  =  f  aioon^  tOu  ounliatl  a^nif 

j^porljed  to  iifalo.  Hkey  liav«  an  to  loiiriogiilOkE  in£ioaao 

iit  MRE  OOnliaSL  and  a  fourfold  isihanO^Ortl  in  hy^i^liiamik 
effodf  Oeaapartid  to  sr^voktioiyLl  irurlOkida  lUilOparlidli^ 
do£ad£^  irm  oidda  nkiMipfiailidaa  Ika-vk  agrvod 

aa  llle  itiOdd  Tinaifria]  iil  ftie  biomifttioal  lafanrOlk  &ld 
aafodatod  ‘witlua^ndifra,*-^'^  HowaiKr,  oonajdkriiig  iliat  iIh 
alfocla  <d  raa£n£tk  nanuf^iti^a  lor  hknaodi^^  aii^licaaioak 


J^t  H.  tbli,  Let,  £.  H.  Mwii^  j.  Cht«i 
Chffutincjnt  ofCtwiTitfti^  tbnsH  Unvcs^ 

^aul  13Q-T4^ 

PaM: 

tirad:  it^hcon  ^ffomtajidki 
ChLMLC.IUm 

AtCicriHafof  Latboraib^  (hU.] 
hhuf  TA  Tb-  fKou] 

f*^  Ulihu#  PnCH.  ^  Mid  %C.  Iuk[«ififai-fnjfnete.fr«f]a4y 
fTM-MiiTHTiHf-i,  Afid  fk.  Jui  Mid  fir-  ^  Ibr  he^phjl 
dKuia»nf .  tnittnuft  ^  IdmMid  ¥.^  bm  Ibr  TEM  naJifstt  Q 
AHutlldffi]- Itiu  w«i  WH  oji^ftcd  ki  piitliflfK  kadKnJ 
Rtxeifb  Laimaluy  [HoAsAllbOXi-IOZlJ^,  Znd  sti^  ftUl. 

ff^tUHW^4A1«).  Mid  the  MC^ 

Kunkdwiokgj^  EuccSaiO'  [C£ta^. 

^||  Sui^awf  mibfmJHin  Ibr  dm  Mkdc  if  mmLIUc-  ui  inc-  WnW 
iwidw  lt^://d]ijdQajor]g'  1(Lt0dZ/MH.39Qdba5-U9. 


aia  f  uon^  dfipmden.  on  ilkair  £}tiiacioria'i±±i,  ii  if 

in^fM^UnL  to  dkviao  nanOfukrtidoi  iwidi  ki^  and 

nii^gniffliiinr^  ^^fuadaHy  fatibaiii'ni  lOi^nediiiaaiHln  (.AlJ  vJdiiOi, 
-wildly  laainiaiimtf,  li^  fiica  itiOmXll^p£ifily.  mitipli., 
nanufukrtidot  lUrilk  ILbubk  m^nklikb,  fUck  as  mangani^f^^ 
dffttd  naatad  fariila  and  ikCO  nanfjpartid^f,  ka-v^  onkanoad 
M  RE  coniiafi  alfadf  tkai  aio  f^rtifi^znlly  fupadur  to  tkai  of 
OOnV^liOndl  nr^OddenaxH'rijkrddaAl^^^t'kiit  abkanOkHOill 
is  ^igndflicaiiL  lor  dinkal  purpuaaa  aa  i1h£  nanopariid^  in-obs 
k'k<]  £an  ba  prO^^d^^  in^wOrad  vAnn  piolka 
tkatka-va  ini^pTOvad  ^onLia^  oikan^^^L  affod^  Inika  HksL 
pan  ol  tkii  fLLkdy,  pia^na  a  kj^odtadc,  fimpk,  and  laliiitOla 

ayntkaLk  protocol  to  ;^ova  2Ln^  dcpin^  oontn^kd  laatai 
fair^  lunopartidaa.  A  ono^^l  ikarina]  dacoitipofiijon 
looilbod  waa  u^d,  -wkidii  invOlyod  a  laoLa]  dilH^rida  {MCb, 
k1  =  2:d^'^,  and  and  iron  trb-2vl^poatadionatf: 

{]IO(ocack1)  prafanca  ol  niJaic  add,  ad^laidna,  and 

ocly]  oikar-P^  Hi*  Itn**  doplitig  k-val,  a  k^  paranaolai,  waa 
carafOdy  COnlrOtlad  by  varying,  ika  initial  nudar  ratio  of  ika 
laoiai  K-hJoiida  procuif  oif.  Aa  aki^wn  in  f^ura  1  a  farka 
of  U  rub  sLcod  Zn^'^  dupad  nkniuparticka  of  {ZkxMrvi  -x)F0zOf 
and  fii^‘a,_^)FaiD^  <ta,  ^2,  (l-J,  (14,  and  (ti)  wiik 

jiogk  siryf  yill]n[h.y  and  monodbperfity  uara 


1l  -^r 

:-■ 


fipiMi.  i]  TSut  vniife  «f  nm  (Stai  Pku.]  RkjOi  riMUfiMtidef. 
b)  H^^h-radiixm  TEU  im4|;«-af  tf-nm  P^Oi  rutnipadi- 

ds.  The- Hifct  duMn  Ihe  EFTpartoiL^d)  TEM:iiTU||fcE  ofl^nm 

j^ZfvUni-Jl^jOi  Mid  f£ivPci_J:P40|  fd)  riMiapMlKiH  ^cdefaM: 

TfH  nn^.  >i|  Photr^cr^h  f  bcMiif  thaf  lilt-  :qr#i!aif  «rf  IS  iwn 
riMicfurtda  cmi  be  fCjSed  if  tm  cn.  tO  (. 


ii34 


%.'v.liit'e!rScEefic  S' 


4  W^L.vat  Coi^H  A  Ca  KmK 


Aqu:  Ormtr.  M  Et.  lUf,  1^-n jfl 
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Commufticatiorts 


All-in-One  Target-Cell -Specific  [Vlagnetic  Nanoparticles  for 
Simultaneous  Molecular  Imaging  and  siRNA  Delivery^^ 

Jae-Hyun  Lee,  Kyuii  Lee,  Seang  Ho  Moon,  Vu/iiJ/i  Lee,  Tae  Cwan  Park,^  and  Jinn^oo  Cheon* 


ki£i«!a  m  ili«  4bgiMk]|3tTi]  al  4d!  a 
varkly  t/i  funciiowil  Jnkin^nk  llkdt  £&a  bi 

tiiibdiinnUdkd]  iil±]tR£n%  nAnk>Ui£TAp£U- 

inA  inedk:!]]  CX 

pajliiCUikT  ia  thifi  0(f  niaiH^f^aiflicka 

l4ir  imgtkilk  i^aunautcK  iid±^iri£  (MRi),  iAH  juril  pit^in 

Arndi  ladgnfilziia-iiufLfiA^  if^DukT 
ii)tidu]iMljAa:!^U£tii:!n.^^  Ille  i£M>£  tllK  ^ilk^aia  ni^£- 
iUibC|^lid«&  Jnl  atlfei^LUift  aUrfAc^  iA>di^lbna 
jlitn>dL^  ^ftli-Lkjnd  Ib^idpEiiitk  md  llljvftknii^j- 

itka  liA  «iidiil^  th^«  ayaieitti  la  be  in  aitun 

neiuiD^di^a^  3itAar|H!tfBle  aoidiriiKaijaiia^  of  djiiraraiii 
iixnDgTtneittAi'^  cdkt^dJ^  jina|;?n^  buJi 

tbeiai^  Ltlk  /itritcUi^  am  be  iAdniMr^Led!  inia  n  aiii^e 
iti^iliedc  isanofS^eiljde  -v^di  iS-  dee^ned  t<n  aanilJdLtaHfam 
di%iiaeik  ^nd  tberifMLiLk  IBti,  'widiadL  keiif^  ditf  inliVidLiie] 
Ijo-Hil^iiJee-  id.  eodi  d^tJc^aiieiiL 

Ilia  kjM>wn  ikiil a^ynlihieiic aidell  mLeifeiin^  RNA  {aiRNA) 
ifanir^biL  a|)edi]i±|naLem  ^iptidonby  ^tfrpreeaiuja 
|;.^ve  ttkidivd]/  it  llise  |>eeilTaii^:^ljanjJ  nlRNA  Jovd  b^  i 
idoJiieiiHid  ^Ued  KN  A  inl£ileian££  i(RNAr).^'  ailVNAa  l^e 
ben^  aiLklkd  tiJtitiAswJy  lu  ii«ei  \zriaita  gdwLk  liiaeeaea, 
indlkdiiig  (^TdiovtiaciiLlAr  ^^^5  enl  ’vtidoiB  like 

de-vekfntieni  oJ'  ^rftrcipiaije  ouritr  a^jaileitia  k  ctudd  Xor 
iJracidE^  d|3f7liidtiiaju  dl  aiRNAa  M  ilkeroi^Lj^  Ho^evier, 
n:irei].;y  aiRNAnc^der  ^^iiaa^in£llJdiiig  i£:eiit^£fM^  find: 
]^it^  pee^ae  iiihei«ni  dfidekn^a  fiaaodfiied  with  tfiigoi- 
gfine  iilJiJailien  finid  bjafOn^lJ^ 


ILImJ^  It  M  Id. 

C>^  jrffvnHtf  «f  b-iohgKjJ  SciHice 

Kum  Advanocd  liuHitk;  cif ^ocfKC-  And  IbJwKdQE;^ 

DdrifHfi 

Fxc  4Z-JEM-261IQ 

£-fTud:  iiAcir 

\.-  HL  Le^HI  fi.  li.  P*i(f.  il-  CtiKsn 

Ch|]utTnH#<ifCtiHTUdi^  ^nseallmcfli^ 

SkmjI  13Q-f4.? 

Pax 

tiTsd:  pfit<m  aucfa- 

IViHc-  ajtioiB  cjortTriMaied  cqiu^ 

lliif  raeaicn  wai  sippcMtcd  bt  Kahcai  J  bzcou-dh  Labvato^ 

h^a^  [UlUminzU  far  JjCL  and  1^91010117  far  TjU], 
AHSft  ^Aaie&Ot1^4A4q.r^lCHtbftfC^M  HM^htak^ 
&i«dbru  p:£N^.  hecnc  (ll1j-2dCH-09-dCdC^  Mmorfdf 
hfcaJii,  •mbdt,  and  Aff»  [r«94dt01t1].  Ifw  Kwa 
Rtxcaadli Cjfiuncd d  F^ndanverri-J  ’^aaiaA  Tiufaiclop. a^nd  tin- 
icccond-ftage  B-KZl  prefect  far  dicntufe^f  at  >01111  lliMiHit^ 
iiHhtA -imal  Htfwfartig  HhJL 

^J|  SuRioHirf  mlofTTitfiHfi  far  Ifu  ar^de  it  aradaUe  ui  iit  WnW 
undu-  li^:^/dxdaiLCir]gf  10.109z/adH.390dU599dt. 


A  iilMbOr  id.  inOigfindc  XEdiiOcT^adfilliTte  ififileiijda  hfive 
be^  eifieiging  fia  poiatijjd  aiRNA  ffiidfiraJit  i^aijeifia  nSeviaod 
lot-  aini  ULlLaikeiJda  imaging  find  ilifiifipetiiiif  puri^efiea.^^'4  Me^ 
tceik  nfiikOpfiiiidea  fine  li4j.kk  pdeiiirm  mfiieiifila 

for  aiRM  A  deli'vcj^  ouflitg.  La  iliidi  iiiiii|Li!e  propeiliefi  whddi 
indibk  Itaufuim  aaioe,  bjoaiHifnlfaciHiy,  -lUpifriiiT  in^giiig 
diifi]ifi£teria  Lkfi,  fiifiL  liedle  aui^fi^ti  modiJ^aaLlait  Cdl-apedik 
tfiigOtiHg  dlrfilfigiea  lor  magtu^lk  lifinO- 

Ijfini^a  with  dufi]  {dugjiofiik  find  thfir^  uik)  Jundjoita  fi]ar» 
indikte  theinnaabdi^ijen^^  Lor ge i^^l^ad £ ±  xi^ odea, 

auidii  Ai  finiibadled  amiil]  i^piidea  ikfii  £fin  be  T^agnk^d  by 
oeila,  Bnd  fipLsiaeia.^^'l  En  iSfirlkidfir,  Axg^j^^Afii) 

Omq  U!^l(Bd  nanuparljdtfi  bind  fitrvngly  ta  iitlegrii^  whddii 
ifi  aMTe.q3Q[e±ted  in  bodi  ondathelifi]  finda|^Jk  efix^ioeik, 
ami  inliirifidiaf  inta  1^  oeSa  by  xeaepiifi'-'medifiied  endocy- 
los^ii,  wbeitffia  ROD  it^lT  dioea  nai  piH^iaale  the  ^idaaame] 
eacfipe  of  nenupfiriklea  inia  the  eyiop^fiam^^l 

In  thia  mudy,  we  devdofped  ''fill^n^eme'^  nfinapfixikile 
lirreibea  for  aimULlifineiMLa  ddh-ery  find  mithiiDadfil  inuiijing. 
The  mfij^ik  nfiiM^pfini^  |^ebea  were  Ebonjugfiied  wMi 
aiRNAa,  ffin^er^S-^ddf  [firge^ng  ifit^lka,  and  £  LR^a- 
£eni  dyea.  Our  piiT|>u^  in  doiiigning  Hk  m  ULhilumnianB] 
nfinopn'ibe  wfia  la  enfible  hi^hily  fiotorile  iioegpng  la  be 
efiiried  e4U.  smitl  Limeaus^  wiih  ihe  deliveiy  of  therif^e  ilifa. 
Iliia  r^pprOfidi  ia  diniefi]^  in^^onfint,  fia  il  Otm  ifiiiuiiiize 
in^aiaeneaa  find  ddaLeiiaiti  aide  eCfedia.  Aa  fi  le^i  at  the 
fibiliiy  af  the  probea  la  ifiigei  specific  ceUa,  aiRNAa  will  be 
Lknle^d  only  irta^  ifir^pfled  cella  with  ceiUin  recepLoia;  the 
djatidlMk  hnL^ee  beiwer^  aiRfJAa  find  Lk  nfinupsiiidka 
alK'iULki  be  ckfived  ii^de  the  ceSa.  In  print^e,  il  ia  poeeide  la 
ifiOrtilui  wbeie  thif  prcbea  With  thfiifipiaUica  ait  kcfiiedl  in  die 
ifixgeted  fiiefia.  More  tpeddcdly^  m^nedc  nfim'ipfirijdefi  fire 
uaefuJ  IhIt  YiaufihdngtheiacfiiiHMfindtrfiJ^lkklng  ^aiRNA  Idr 
in  viia  fi|jp]kfi1i4ai^  However,  the  iitnfittf  iirfiiL  of  ^pfilifi] 
lefiOhidHini  in  MKi  {cfi.  ibb^na)  mfik^  il  iifpoaeible  la 
luOn^Or  the  mlTfiCeU  Ldfij  Ijfiitileciii'ni  al  aiRNA  by  MRL 
^  dua  nefiaon,  the  '^tarefiaeni  nlye  b  ner^idred  for  aeneidve 
y  iibctdluifiT  viiUfilkfitkm. 

die  IfibnCfidJan  of  mUlli/LtnCiianfi]  m^neCiC  nfinO- 
pfijflidea^  ififingAneae-dapeil  ifii^m^Smna^iiieer-ed  ixost 
oiide  (MnMl^Oi)  nfinopfiTiidea  of  in  aioe  cofiledi 

with  bovine  aerum  fitxuiain  {1i£A)  weie  uaed  fia  die  care 
ififiieiiiLl  {figure  3  fi^  Omig  10  their  high  dfgiee  of  dice 
ifiOnodiaperaitiA  die  ee^  with  wbidi  dieiT  aurffice  cfin  be 
modtifitid,  find  dWfir  hig^t  m^midc  muroanL  difin  thal  at 
ediex  COnvitstdarafi]  irHjn  OJdde  bfiaed  mfi^ietk  nfinopfirli- 
dee.^^^  Tlie  kao.  ptapeny  imndfiiea  mio  fiTiknCitd  MRE 
aigntda.  bk^OOnij  Ugfitian  find  nfiifiipfiilick  ddivi^y  mto 
the  cyioplMie  id  eeih,  efitfanized  R&A  with  fi  pt  {iaadtfljk 
poinl]  lulne  id  6l1  wfia  ibe  priiuiiy  fiidne  giaupaot 
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MnterSclence' 


c,  WtmfVCH  C^H  JL  Ce.  tCmh, 


At^.  Omm.  kt  £d  Ifififi,  dt. 
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